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Abstract— Autonomous Underwater Vehicles (AUVs) have
the ability to operate in harsh underwater environments without
endangering human lives in the process. Nevertheless, just like
their ground and aerial counterparts, AUVs need to be able
to estimate their own position. Yet, unlike ground and aerial
robots, estimating the pose of AUVs is very challenging, with
only a few high-cost technological solutions available in the
market. In this paper, we present the development of a realistic
underwater acoustic model, implemented within the Robot
Operating System (ROS) and the Gazebo simulator framework,
for localization of AUVs using a set of water surface robots,
time of flight of underwater propagated acoustic waves, and a
multilateration genetic algorithm approach.
I. INTRODUCTION
Autonomous Underwater Vehicles (AUVs) have been rec-
ommended for scientific exploration and sub-aquatic inspec-
tion tasks. These robots need to face harsh environmental
conditions of oceans and rivers where visibility is reduced.
Many of the mobile robotics technologies are not suitable
or do not work correctly under these conditions. Moreover,
the high cost of off-shore missions makes it difficult to test
hardware and software algorithms on real scenarios. Robotics
simulators are a practical and straightforward solution to help
developing and testing new ideas and prototypes on a virtual
scenario for localization, navigation and control algorithms.
A robotic simulator for underwater scenarios should be
able to simulate robot motion, sensors and environmental
interactions of the AUVs. In addition, the assurance that
the developments on a robotic simulator can be realistically
transfered to the real robot scenario is an important prereq-
uisite for robotics simulation tools.
The focus in the present work is on acoustic localization
for underwater ROS-enabled robots. There are some high
quality AUVs simulators available [1], but they still do
not cover adequately the AUVs localization using acoustic
beacons. The localization method proposed depends on the
underwater acoustic channel, therefore an important contri-
bution of our work is on modeling acoustic propagation in
the water column. We make use of the Unmanned Under-
water Vehicle Simulator [2], a set of Gazebo plugins [3]
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Fig. 1. Underwater Acoustic Channel Software Architecture.
and ROS nodes under development, that are used for sup-
porting and testing the simulation of unnamed underwater
vehicles (UUV), i.e AUVs. The UUV Simulator is based
on Gazebo, which provides a recognized physical fidelity,
a programmatic interface, sensor modeling and adequate
documentation.
There are clear advantages of using the sound channel
when compared to the radio channel. Mainly, the radio
channel in an underwater environment suffers from large
attenuation, resulting in very limited transmission range. The
underwater environment is a very complex medium for sound
propagation, specially in oceans, because of the heterogene-
ity and random fluctuations such as the effect of surface seas
and the ocean bottom variances. When the acoustic signal
propagates in the underwater environment there is a decrease
in the signal amplitude due to geometrical spreading, the
distance traveled by the signal, and the absorption due to the
chemical properties of the sea or river water. The range of
acoustic waves are even more limited in high frequencies due
to the absorption factor. Additionally, the speed of acoustic
waves varies spatially in the sea water, due to variations in
temperature and pressure.
II. MODELING THE UNDERWATER ACOUSTIC CHANNEL
We modeled the acoustic channel by relating the local
values of propagation wave direction (Snell-Descartes law)
and velocity. The modeling technique used in our work is
known as geometrical acoustics. Our method assumes that
the water column is divided into several layers that represent
different depths with distinct temperature, salinity and pH.
In the first place, the method gets the source (beacon
sensor) and receiver (hydrophone sensor) positions to com-
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Fig. 2. Localization System Architecture.
Fig. 3. The proposed system in a simulation scenario: The AUV (1) and
the 4 water surface robots (2).
pute the ground truth distance. Then, the method uses the
environment conditions to compute the sound speed and the
absorption coefficient for each layer between the receiver
and source depth. Thus, the time-of-flight (TOF) between
the source and the receiver takes into account the distance
and sound speed in each layer. The signal-to-noise-ratio is
the result from the environment noise and signal propagation
that depends on the absorption coefficient in each layer. The
model architecture can be seen in Fig. 1.
III. DESCRIPTION OF THE SYSTEM
The proposed system for AUV localization comprises the
use of four water surface robots as reference points, as shown
in Fig. 3, and receptors of an acoustic signal (through a
hydrophone sensor) emitted by a beacon installed on the
AUV. With the time of flight (TOF) of the acoustic signal, we
are able to estimate the distances between each water surface
robot to the AUV. Based on the distance measurements to the
AUV and on the water surface robots positions given by the
global position system (GPS), we developed a multilateration
genetic algorithm method to determine the 3-D position of
the AUV. In this way, the localization system will be tracking
the position of the underwater robot in earth-centered, earth-
fixed (ECEF) to a East North Up (ENU) reference frame.
We used data from an inertial sensor (IMU) and a pressure
sensor mounted on the AUV to provide global orientation
and reduce the localization error of the AUV through sensor
data fusion, using an Extended Kalman filter [4]. The system
architecture and the position given by the system can be seen
in Fig. 2 and in Fig. 4, respectively.
Fig. 4. AUV trajectory given by the system.
IV. CONCLUSION AND FUTURE WORK
In this study, we develop an underwater localization sys-
tem based on the UUV Simulator [2]. Moreover, we have
created a new plugin for Gazebo: the Hydrophone-Beacon
plugin, which provides a hydrophone sensor and a beacon
as actuator. The implementation of the underwater acoustic
channel model allows the UUV Simulator to provide an
effective modeling and simulation tool for the underwater
robotics acoustic localization. This new Localization ROS
package enables testing underwater robot systems in a sim-
ulation environment before going to real scenarios. Field
experiments are foreseen in the close future, in order to
validate the system and the models that we use in the
simulator plugin.
REFERENCES
[1] D. Cook, A. Vardy, and R. Lewis, “A survey of auv and robot
simulators for multi-vehicle operations,” in Autonomous Underwater
Vehicles (AUV), 2014 IEEE/OES. IEEE, 2014, pp. 1–8.
[2] M. M. M. Manha˜es, S. A. Scherer, M. Voss, L. R. Douat, and
T. Rauschenbach, “UUV simulator: A gazebo-based package for
underwater intervention and multi-robot simulation,” in OCEANS
2016 MTS/IEEE Monterey. IEEE, sep 2016. [Online]. Available:
https://doi.org/10.1109%2Foceans.2016.7761080
[3] N. Koenig and A. Howard, “Design and use paradigms for gazebo, an
open-source multi-robot simulator,” in Intelligent Robots and Systems,
2004.(IROS 2004). Proceedings. 2004 IEEE/RSJ International Confer-
ence on, vol. 3. IEEE, 2004, pp. 2149–2154.
[4] T. Moore and D. Stouch, “A generalized extended kalman filter imple-
mentation for the robot operating system,” in Proceedings of the 13th
International Conference on Intelligent Autonomous Systems (IAS-13).
Springer, July 2014.
